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In accordance wilh another cmbodimcnl of the present 
invention, a second sensing coil is used for stabilization 
purposes. Inaccurate readings of the catheter probe location 
may occur from motion artifacts due to breathing aaion, 
heart motion, or patient movement The stabilized location 
coordinates may be dclcnnined by placing a second sensing 
coil on the sternum of the patient at a known location within 
the navigational domain. The incremental movement expe- 
rienced by the second sensing coil due to motion artifacts is 
detected and subtracted from the measured location value of 
the probe to arrive at the actual location coordinates of the 
probe. Further extensions of the present invention are pos- 
sible to facilitate multi-catheter applications by attaching an 
additional sensing coil to the distal end of each additional 
catheter. 

Since certain changes may be made in the above appara- 
tus and method without departing from the scope of the 
invention herein described, it is intended that all matter 
contained in the above description or shown in the accom- 
panying drawings shall be interpreted in an illustrative and 
not in a limiting sense. 

What is claimed is: 

— method of determining the location of a magneti- 
cally-sensitive, electrically conductive sensing coil affixed 
to a distal end of a catheter probe partially inserted into a 
body cavity within a navigational domain, comprising the 25 
steps of: 

inducing within said sensing coil a set of orientation 
signal values each rcpresentative of an orientation of 
said sensing coil and independent of a position of said 
sensing coil; 3( 
determining the orientation of said sensing coil using said 

induced orientation signal values; 
inducing within said sensing coil a set of positional signal 
values each representative of the position of said sens- 
ing coil; and 

determining the position of said sensing coil using said 
positional sigxial values and said determined orienta- 
tion. 

method as recited in claim 1, wherein the step of 
mdiicing said set of orientation signal values comprises the ^ 
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g from outside said body a series of magnetic 
^ds each penetrating at least said navigational domain 
characterized substantially by a principal magnetic 
comTOnent in one axial dimension and relatively 
smallffl- magnetic components in two other axial dimen- 
sions. 
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( 3. The method as recited in claim 1, wherein the step of 
I inducing said set of positional signal values comprises the 
I steps of: 

\ generating from outside said body a scries of magnetic 
I fields each penetrating at least said navigational domain 
I and characterized substantially by two principal gradi- 
I cnt magnetic components in respective axial dimen- 
1 sions and a relatively smaller magnetic components in 

I a third axial dimension. ^ 

4. The method as recited in claim 3, wherein said gener- 
ating £ tep further includes the steps of: 
gen( mating said fields to provide a plurality of constant 

N signal surfaces for the sensing coil such that an inter- 
u «tion between two such surfaces with components in 
tl e same axial dimensions produces a line along which 
s; id sensing coil is located; 
whe rein said two cuch surfaces are identified from among 65 
sj id plurality of constant signal stxrfaces by their ability 
tq induce one of said positional signal values. 
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tic mcihcxi as recited in claim 4, fuither comprises ihe 
if: 



5/ 
steps. ^ 

wcisiting each line in accordance with a signal strength 

ofUaid corresponding constant signal surface; and 
deterpiining an intersection of said weighted lines. 
6. The method as recited in claim 5, wherein six constant 
signal surfaces are generated to produce three intersection 



lines. 
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A system for determining the location of a magneti- 
-sensilive, electrically conductive sensing coil affixed 
distal end of a catheter probe partially inserted into a 
cavity within a navigational dj!)main, comprising: 
t transmit means for projecting into said navigational 
lomain magneiic^cnergy that is sufficient to induce 
!|gnal values within said sensingycoil representative of 
orientation of said sensing cou and independent of 
ihb position of said sensing coil; | 
second transmit means for projecting into said naviga- 
tional domain magnetic energy that is sufficient to 
induce signal values within said sensing coil represen- 
iati>>p of the position of said sensing coil; and 

means, coupled to said first transmit means and 
nd transmit means, for determining the posi- 
d orientation of said sensing coil from said 
signal values, 
for determinirljg the location of a magneti- 
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cally-scnsitiWrelectrically conductive sensing coil affixed 
to a distal ehd onaytatheter probe partially inserted into a 
body cavi^ WithirYa navmati^nal domain, comprising: 
first signal4ndu(Sng nieans for inducing within said sens- 
ing cpil OTicntation signals that are representative of the 
oriernation of s£d sensing, coil; 
arialysisV mean^ coupled to\said first signal-inducing 
mca^s^fe^raetc^^aiIung the orientation of said sensing 
coil using said induced orientation signals and inde- 
pendent frcnn a position of saio^sensing coil; 
second signal^nducing means for\inducing within said 
sensing coil position signals that are representative of 
the position of said sensing coil; and 
analysis meansA coupled to said second signal-inducing 
means, for determining the position of said sensing coil 
using said determined orientation and said induced 
position signal)^ 

The system as recited in claim 8. wherein the first 
-inducing means comprises: 

Id generation means for successively generating mag- 
Lctic field patterns projected into said navigational 
iomain, each characterized substantially by a principal 
;netic field component in one direction and rela- 
ti^ly smaller rnagnetic components in two other direc- 
tic 

10. sy^p6( as recited in claim 9, wherein said field 
generation m^ns^mprises a set of magnetic coils. 
^ . U.Vrhe system as recited in claim 10, wherein said 
Wagnelic coils are disposed in a planar top of an examination 
} /deck uppn which a patient is disposed during a surgical 
/ proccdu 

12. ThA system as recited in claim 10, wherein said 
magnetic coils arc disposed in a planar top and in rail 
members edge supported by said planar top for an exami- 
nation declaupon which a patient is disposed during a 
surgical procedure. 

13. The system as recited in claim 8, wherein the second 
signal-inducinkmcans comprises: 

field generation means for successively generating mag- 
netic field patterns each characterized by a first and 
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nd gradient field component in respective direc- 
tions and a relatively smaller third component in 
anolnpr direction. 

14. ThcUystcm as recited in claim 13» wherein the field 
generation peans comprises a magnetic coil assembly. 

15. A method of determining the location of a magneti- 
caltv-sensitive. electrically conductive sensing coil affixed 
to aNdislal end of a catheter probe partially inserted into a 
bodyVavity within a navigational domain, comprising the 
steps ' 

ation of said sensing coil with a set of 
ation parameicrs;Mid 
sequenti^ly generating witWir^d navigational domain a 
sequence of liagnedc fields for inducing within said 
sensing Voil a corresponding sequence of induced sig- 
nals eaclmlefincd by an induced signal expression that 
functioi 
'of said 
tion parami 
individual 
certain ones 
sufficient to re 
ctcrs. 

16. The method as recited i 
sequence of magnetic fields com] 

a series of unidirectional mag 

ized substantially by a . 

ponent in one direction and 

components in two other 
a scries of gradient magnetic 



said induced signal to c^tain ones 
parameters, such that said set of loca- 
ls determinable by sequentially solving 
expression groups each including 
lid induced signal expressions and 
^nt a subset of said location param- 



a first and second gradient field con^wnent in respec- 
tive directions and a relativ tly smaller third component 
in another direcdon. 
17. The method as redted in < laim 16. wherein said signal 
expression groups include: 
an orientation group includic gfinduqpd signal expressions 
each functionally related to a ^pective one of said 
unidirectional magnetic Ids aira an orientation of said 



claim 15. wherein said 
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ic fields each character- 
ipal magnetic field com- 
^ladvely smaller magnetic 

Ions; and 
ields each characterized by 
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sensing coil, and 
sensing coil; and 
a posidon group induing induopd^gnal expressions 
each fimctionally relmec to^tfrespectiv^ one of said 
gradient magnetic fields (He orientation of said sensing 
coil, and the position of said sensing coil. 
18. The metiiod as redted i i claim 17, wherein the step of 
sequentially solving said ndividual signal expression 
groups includes the steps of: 

initially solving the induced signal expressions of said 
orientation group; and 
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nexi solving t^c induced signal expressions of said posi- 
tion group. 

19. A system fir deicnnining the location of a magneti- 
cally-sensitive, elebtrically conductive sensing coil affixed 
to a distal end of a catheter probe partially inserted into a 
body cavity within a navigational domain, comprising: 

means for dcfinin Athe location of said sensing coil with 
a set of independent location parameters; and 

field generation meaps for sequentially generating within 
said navigational domain a sequence of magnetic fields 
for inducing within said sensing coil a corresponding 
sequence of induced signals each defined by an induced 
signal expression that functionally relates said induced 
signal to certain ones otVsaid location parameters, such 
that said set of location parameters is determinable by 
sequentially solving individual signal expression 
groups each including certain ones of said induced 
signal expressions and suffid^ nt to replesent a subset of 
said location parameters. 

20. The system as recited in \;laim 19, wherein said 
sequence of magnetic fields comp 

a series of unidirectional magnetib fields each character- 
ized substantially by a princips^ magnetic field com- 
ponent in one direction and rela 
components in two other directi^ 

a series of gradient magnetic fields < 
a first and second gradient field < 
live directions and a relatively sn 
in another direction. 

21. The system as recited in claim 20. 
expression groups include: 

an orientation group including induced ! 

each functionally related to a resp 

unidirectional magnetic fields and an ( 

sensing coil, and independent of a 

sensing coil; and 
a position group including induced signal\ expressions 

each functionally related to a respective We of said 

gradient magnetic fields, the orientation of laid sensing 

coil» and the position of said sensing coil. 

22. The system as recited in claim 21. whereii 
generation means comprises: 

analysis means for solving the induced signal ei^pressions 

of said orientation group; and 
analysis means for solving the induced signal expressions 

of said position group. 
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23. A method of determining the location and orientation of at least one magnetically- 
sensitive, electrically Qonductive sensing coil affixed to a distal end of a catheter probe partially 
inserted into a body cayity within a navigational domain, comprising the steps of: 

inducing within said at least one sensing coil a set of orientation signal values 
each representative of airorientation of said at least one sensing coil and independent of a 
position of said at least one\ensing coil: 

determining the orientation of said at least one sensing coil using said induced 
orientation signal values: 

inducing within said at legist one sensing coil a set of positional signal values each 
representative of the position of s^ seising acjil: and 

determining the position of iaid at least one sensing^oil using said positional 
signal values and said determined/orientation. 



24. A method according to clalm^3fwherein said at least one sensing coil is 
substantially passive, such that a current flowing tnrough said sensing coil derives from ambient 
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25. A method of determining the locations of a plurality of magnetically-sensitive, 
electrically conductive sensing coils, each of said plurality of coils being affixed to a distal end 
of one of a plurality of catheter probes partially inserted into a body cavity within a navigational 
domain, comprising the ste^ of: 

inducing withimeach of said plurality of sensing coils a set of orientation signal 
values each representativevof an orientation of said sensing coil and independent of a 
position of said sensing coilK 

determining the orientation of each of said pluraUtv of sensing coils using said 
induced orientation signal valuesN 

inducing within each of said^lurality of sensing coils a set of positional signal 
values each representative of the position of said sensing coil: and 

determining the position of eachVf said plurality of sensing coils using said 
positional signal values and said determined orientation, and thereby determining the 
position of each of said plurality of catheter probes. 




